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Electronic applications of semiconducting polymers
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A review of the basic properties and conduction mechanism in semiconducting polymers has
been presented. Results of our investigations on the semiconducting polymers, polypyrrole and poly
aniline, have been discussed. A promising vacuum-deposited polymeric semiconducting device fabri
cation technique has been detailed with its possible application in light emitting and photovoltaic de
vices. The use of polymeric semiconductors in surface mount technology and VLSI has also been
discussed.

Introduction
Conjugated polymers are the new class of mate

rials used for fabrication of solid state devices1-1O•

Comparison of semiconducting polymers with
conventional semiconductors is not straight for
ward and simple. Electrical conduction in poly
mers may arise due to a variety of phenomena
operating in polymers that may differ from the
ones in conventional semiconductors. However,
the resultant electronic effects in the polymeric
semiconductors appear to be similar to those in
inorganics. Polymeric semiconductors have several
advantages over the conventional ones, e.g., ease
of processing, cost effectiveness, light-weight,
abundance of raw material, and most important,
sophisticated technology of single crystal growth
is not required. The disadvantages on the other
hand, are the lack of complete understanding of
the electrical conduction mechanism and the exact

labeling of the conduction species. Due to these
shortcomings the actual device fabrication and
application to technology using semiconducting
polymers is still in its infancy.

Semiconducting polymers find application in
fabrication of solid state active device elements,
photovoltaics, photocells, electrochromic and
memory devices and battery electrode appli
cations in areas as diverse as space, civil, military,
photonic, opto-electronics and communications 11-17.

Other prospective applications of conducting
polymers include electrochromic displays, packag
ing materials, capacitors, cable shielding, con
trolled medicine release systems, electro-robotics,
etc. All these applications require the polymers in
the form of a device that can be used as an active

element. Hence the materials requirements for
specific applications become quite stringent. Ad
vancement in solid state device fabrication

technology thus requires improvement in three
aspects, viz., materials, contacts and encapsula
tion. These may be achieved by improvements in
the synthesis, processing and precise control of
dopants and optimising process control parame
ters. New information about their structure and

properties make polypyrrole, polyaniline and
poly thiophene promising materials for device
fabrication. These polymers can be fabricated to
conduct electricity across the whole length of the
conjugated molecular chain. Structurally, the po
lymers are not like inorganics which can be as
sumed to be either crystalline or polycrystalline,
and their physical properties cannot be exactly
explained on the basis of knowledge available for
inorganics. They behave like amorphous solids
and the simple band theory fails to explain the
conduction of electricity in polymers. For any
electronic device application, the two essential
parameters are the knowledge of conduction me
chanism and the properties of the interface with
other materials. There are no electrons or holes
(as in inorganics) to help conduction, but more
complex species, which do not have spin (e.g. in
polypyrrole ).

To explain the conduction in polymers we have
to assume the validity of the band theory of solids
for polymers to the nearest approximation. When
electron is removed from the top of the valence
band (by oxidation) of the conjugated polymer, a
vacancy (a radical cation) equivalent to a hole is
created that does not delocalize completely, but is
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rons and bipolarons. In addition, these properties
can be modified by suitable doping during the
synthesis. It is possible to prepare polymeric
materials like polypyrrole, polyaniline and poly
thiophene having semiconducting properties by
suitable processing and requisite doping.

Preparation of semiconducting polymers
Most of the semiconducting polymers, polypyr

role, polyaniline and polythiophem~ are prepared
by electrochemical and chemical melthods.

Polypyrrole-Polypyrrole films are usually pre
pared by electrochemical methods with high pur
ity chemicals 1. Polypyrrole deposition is carried
out under isothermal conditions (at about 5°C) in
a single compartment cell with three electrodes .
The films are formed on the conducting electrode
(usually an indium tin oxide coated glass) of the
electrochemical cell. The cathode consists of a
platinum foil and the electrochemical cell solution
contains. O.lM pyrrole monomer and O.lM te
traethylammonium tetrafluoroborate and propy
lene carbonate as solvent. The e:lectrochemical

deposition is carried out in an inert atmosphere at
current densities of the order of 2-3 Ncmz at
15 V. Self supporting films of various thickness
can be obtained by varying the d{~position time.
The conductivity of these films varies from 5-15 S
cm - I. Deposition of the film occurs as a result of
pyrrole oxidation.

The doping and oxidation of polypyrrole occur
during the electrochemical polymerization process
(Fig. 3). These pyrrole units have positive charge,
which is balanced by a variety of dopant anions.
Undoping of the film can be carried out by treat
ing with NH3 or other similar chemicals.

Polyaniline- Polyaniline is usually prepared by
redox polymerization of aniline using ammonium
perdisulphate, (NH4)zSzOs, as an oxidant. Dis-
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to electrical conduction

delocali ed only over a few monomeric u .ts de
forming the polymeric structure. This artially
delocali ed radical cation is called a pol a on and
has a s in 1/2. The energy level associat d with
this rad' al cation represents a destabilize bond
ing orb tal. It has an energy higher t an the
valence and, (to the nearest band theory appro
ximatio ) and lies in the band gap. This is similar
to band tailing in amorphous chalcogenid s. Now
if anoth r electron is removed from the ready
oxidized polymer, it can create another olaron
or a bi olaron. Low level doping gives rise to
polaron and high doping results in the 1'0 ation
of bipol rons. Figure 1 shows the energy I vels in
polymer as a result of doping. The polar ns and
bipolaro are mobile and under the influ nce of
electric eld, can move along the polyme chain,
from on chain to another and from one ranule
to anot r, exactly in the manner electro s and
holes do n inorganics1S'Z3•

Theor tical calculations show that the e ective
mass an mobility of these species is quite differ
ent fro those of the electrons and holes in in

organics. The polarons and bipolarbns move
along th chain through the rearrangem nt of
double d single bonds (Fig. 2). Most l' the
electrical and optical phenomena in conj gated
polymers are thought to arise due to thes pola-

Fig. 1--Elnergyband diagram and defect levels fo~ polaronsand bipo~rons in undoped, lightly doped and hea~ly doped
conducting polymers
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Fig. 5- Variation of optlcal absorption and transmission in the
wavelength range 300-900 nm for BFi doped polypyrrole

films

tilled aniline, (0.2M) is dissolved in 300 ml of
precooled HCl (1.0M) solution, maintained at
0.5°c. A calculated amount of ammonium perdi
sulphate (0.05M) dissolved in 200 ml of Hel
(1M), precooled to 0-5°C, is added to the above
solution. The dark green precipitate resulting
from this reaction is washed withHCI (lM) until
the green colour disappears. This precipitate is

WAVELENGTH, "III

Fig. 6 - Variation of optical absorption and transmission in
the wavelength range 900-2600 nm for BFi doped polypyr

role films

further extracted with tetrahydrofuran and NMP
solution by Soxhlet extraction and dried to 'yield
the emeraldine salt. Emeraldine base can be ob

tained by heating the emeraldine salt with ammo
nia solution. The powder so obtained can be used
for device fabrication.

Polyaniline exists in four different forms. These
four structurally transformed forms of polyaniline
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Electrical characterization
For electronic applications, important charac

terization includes electrical conductivity and the
interface behaviour of the polymer with various
materials. The semiconducting polymers are

p-type and except for polyacetylene it has not
been possible to prepare the n-type for polymers
like polypyrrole, poly aniline and poly thiophene. It
is hence not possible to prepare a p-n junction for
device fabrication. The alternative is to fabricate a
heterojunction of the polymer (assumed to behave
like a p-type solid) with other material, e.g., a me
tal or a semiconductor of n-type. When a polymer

PHOT('N ENERGY,eV

Fig. 10-Variation of optical absorption with photon energy for
poly aniline

shown in Fig. 8. The peaks correspond to the var
ious molecular and side chain characteristics of
the polyaniline structure. Figure 9 shows the var
iation of optical absorption of HCI doped polyan
iline -with wavelength in the range 400-1000 nm.
From this, the band gap of polyaniline has been
estimated to be - 2',1 eV (Fig. 10).
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Fig, 9-Variation of optical absorption of HCI-doped polyan
iline with wavelength
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Fili R~ FTIR spectra of HCI doped polyanili~e

Optiral ch racterization
The op ical characterization of the semicon

ducting p lymers is usually carried out by either
preparing transparent thin film or making a so
lution of e polymer transparent to the incident
radiation. R spectroscopy identifies and confirms
the struct re and characteristics of the polymer,
while the V-visible spectra give the energy band
gap and efect states. The transmission and ab
sorption aks correspond to various levels in the
energy ba d gap (Figs 5 & 6).

The en rgy band gap of polymer thin films IS

given by t e following equation:

a.d=(hv Eg)'/2

where a" is optical absorption, Eg is energy
band gap, nd hvis incident photon energy.

From t e above, the optical absorption edge of
polypyrro e films is estimated to be about 2,7 eV
and the e rgy band gap at 3.0 eV (Fig. 7).

The F R spectra of HCI doped polyaniline is

are aChieVld through the protonation and doping

of the bas form. These forms have a wide range
of elecriea conductivity-from insulating to con
ducting. C nductivity of the order of 10 Sf cm can
be obtaine for the conducting form2,3 (Fig. 4) .
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Fig. 12- Y-I characteristics for polypyrrole film with various
metals. [I, In (thickness 3 J1,); 2, Sb (thickness 3 J1,), 3, Ti
(thickness 3 J1,), 4, AI (thickness 3 J1,); 5, Sn (thickness 10 J1,)]
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Table 1- Electronic parameters for metaI/polypyrrole
junctions
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is brought in electronic contact with a metal, an
exchange of positive and negative charges takes
place between the two. An electronic interface
subsequently builds up at the junction having a
depletion region in the polymer. The heterojunc
tion interface behaviour of the metal/polymer
contact is revealed by the characteristics of the in
terface, the current-voltage characteristics, and the
capacitance-voltage characteristics. The energy
band scheme for such contacts in shown in

Fig. 11. Three type of junctions are possible: oh
mic contact, which allows free flow of charges
from the polymer to metal and vice versa, rectify
ing contact, which allows only undirectional flow
of charges, and, blocking contact, allowing no in
jection or extraction of charges from the polymer.

It has been established that the metals having a
work function (f/lrn) greater than that of the poly
mer (f/l') make an ohmic contact and the metals with
work function 1>rn less than that of the polymer,
f/ls, make an injecting or rectifying junction. The
current through these heterojunctions is mainly
thermionic emission controlled and can be ex
plained on the basis of theories for Schottky emis:.
sion.

The V- I characteristics of the polypyrrole film
with various metals is shown in Fig. 12. It can be
seen that the current-voltage characteristics of

polypyrrole are quite similar to those of inorganic
solids. A blocking of charges takes place at the
metal/polymer interface, creating a barrier. After
a certain voltage, the barrier is crossed. The cur
rent-voltage characteristics for such a junction can
be explained by the Schottky. relation for therm
ionic emission.

The current density, J, across the junction is
given by the equation:

J=Joexp(:~) .

and the reverse saturation current, Jo, is given by
the equation:

(-ex)Jo=A*rexp kTb

where e is electronic charge, V is applied voltage,
n is ideality factor, T is temperature, k is Boltz
man constant, and, A* = Richardson constant.

The electronic parameters mentioned above are
the deciding factors for the device quality of the
polymer. The electronic parameters for polypyr
role films are given in Table 1. It can be seen that
the ideality factor (n) for the metallpolypyrrole
junction is quite high and not suitable for device

•....
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fabricatio~. For an ideal device n should bJ close
to 1'()2. i '

Polyan line appears to be a better polyI1}er for
this pur ose. The V-I characteristics for yarious
metal/po yaniline junctions are shown in Rig. 13.

The v~I characteristics for metaliPOlyme1 junc

tion foil w a pattern similar to that for p lypyr
role. Th various electronic parameters est mated
for the metal/polyaniline junction perfo mance
are sum arised in Table 2. '

Simila Iy, the work function of polypyrrdle and

polyanili e have been estimated to be 411 and
4.28 eV espectively. i

The apacitance-voltage characteristids for

v

Fig. 14~C-Vplot for polyanilinc
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metallpolyaniline heterojunction are shown in
Fig. 14. The estimation of carrier concentration
which is a measure of dopant concentration in the
polymer is given by:

2A-2

N=-:::[~v ]. II d( I/C2)

where A is area of the interface, l' is permitivity
of the polymer, l'1I is the free space permitivity,
and Cis junction capacitance.

The carrier concentration in the polymer plays
a major role in deciding its electrical conductivity
and· device quality. For polyaniline the carrier
concentration is of the order of 1017 em3•

Metal

In

Sn

Pb

Al

Ag

Table 2-Electronic parameters for metal/polyaniline
junctions
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Space charge studies
When the semiconducting polymer is intro

duced between two blocking electrodes and elec-

H H

{-ON ~N -t-tO- N =0= N -)X I-X

Fig. 16- The structure of vacuum deposited polyaniline film

Table 3~Electronic parameters for vacuum deposited metal!
polyaniline/Schottky device

Metal Workfunction Barrier height Idealityfactor
¢m (eV) xb (V) n

In 4.12 0.56 1.6
Sn 4.11 0.59 2.12
Pb 4.02 0.56 2.36
Al 3.74 0.55 1.20
Sb 4.05 0.55 4.50

Ag 4.28 ohmic behaviour

ENERGY, .v
Fig. 17-Optical absOJ:ptionof polyaniline film in the wave
length range 300-1000 nm and the effect of exposure to var
ious environment [1, as deposited; 2, after exposure to air; 3,

after exposure to ammonia; and 4, after exposure to HCI]
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ergy band gap (2.14 eV). The characteristic peaks
in the FTIR spectra correspond to the polymer
backbone of polyaniline (Fig. 16). The optical ab
sorption spectra in the range 400~ 1000 nm is
shown in Fig. 17, which also shows the effect of
various gases on the optical absorption of the po
lymer films. This is promising from the viewpoint
of fabricating an optical gas sensor.

Comparison of V-I characteristics (Fig. 18) and
electronic parameters (Table 3) of the all vacuum
deposited metal/polymer/metal configuration with
those for polypyrrole and polyaniline shows that
the vacuum prepared Al/polyaniline/metal struc
ture makes an excellent rectifying contact and is
ideal for device fabrication .• 4

100

1200 lIOO '400

'MVENUMBER. eml

Fig. 15-FTIR spectra of vacuum deposited polyaniJinefilms
[a, as deposited; and b, HCl doped]

Vacuum deposition of polymeric thin films
Semiconducting polymers are prepared by wet

chemical and electrochemical methods. While

modifications of the optical and electrical proper
ties are possible either during materials processing
or later, they are not very accurate. A thin film
device made of semiconductor polymer is always
preferred for any technological application and
also for the study of device characteristics, electri
cal conduction and electronic parameters in var
ious configurations. Fabrication of a metal-semi
conducting polymer junction is important for such
studies and preferred for solid state device tech
nology due to its clean processing conditions and
specific prOcess control. A vacuum deposited me
tal-polymer configuration is the best form of such
a specimen. This process eliminates the wet
chemical steps in device fabrication.

The fabrication of metal-polymer heterojunc
tion, using various metals by an all vacuum depo
sition process has been developed by US4,24. It has
been observed that the polymer structure remains

. intact in the thin films formed by vacuum evapor
ation. In the metal-polyaniline-metal configura
tion, the metals having a work function lower
than that of the polymer (p-type polyaniline)
make a rectifying junction and those with a work
function higher than that of polyaniline make an
ohmic contact. The junction characteristics of
such configurations have been studied, and elec
tronic parameters like· barrier height and ideality
factor have been estimated4.24.

The films are prepared on glass substrate by
evaporating the emeraldine base powder under
vacuum (10-6 mm Hg). Various metals are used
for making the electrical sandwich structure me
tal/polymer/metal configurations. The. FTIR
spectra of such vacuum deposited polyaniline
films are shown in Fig. 15 with the UV-vis optical
absorption spectra (inset) for estimation of the en-
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Fig. 19-The energy band diagram of the polymeric semicon
ductor based electroluminescent device. [1, injection of elec
tr.ons from metal into polymer; and 2, injection of electrons

in the polymer by tunnelling]

POLYMERMETAL

calization, which recombine with positive pola
rons to form the excited state of neutral bipola
rons, the excitons. This entiO' then decays to emit
radiation. The electrons may also be injected into
semiconducting polymers by thermionic emission
or by tunnelling into gap states followed by decay
by radiative emission. Polyparaphenylene-vinylene
(PPV) is the most sought after polymer for this
purpose. Flexible light emitting devices have been
fabricated using poly 2-methoxy ..5(2'-ethylhex
oxy)-1,4-phenylene-vinylene (MEH-PPV) with one
Schottky and the other ohmic contact with a
quantum efficiency of about 1%. It is essential to

Polymer c electroluminescent devices
Anoth r important use of semiconducti g po

lymers s as electroluminescent devices 1 .13.25-29.

Thesc d vices use the metal/polymer co tact as
one of e injecting electrodes and the 0 her as.
ohmic c ntact. The schematic diagram of· metal
polymer electroluminescent device is sh( wn in
Fig. 19. he injection of electrons from me al into
polymer creates negative polarons due to elf 10-

Device fi brication
The r sults of studies on semiconducti g po

lymers re used in fabrication of the fo lowing
electro' devices: (i) two electrode met ljpoly
mer syst m (for Schottky diodes and gas s nsors),
(ii) thre electrode systems (for transisto s), (iii)
electrol .nescent displays, and (iv) phot voltaic
solar cel s.

The S hottky diodes and gas sensors ha

discusse above. After proper encapsulatiln they

can be straightaway used for applicatio . The
three el ctrodes configuration made fro con
ducting olymers for transistor application re be
ing studi d.

Ii I I II'II
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create suitable conditions within the polymer by
matching the interface characteristics and work
function so that it can act as an electrolumines
cent device. Hence, it is very important to have a
detailed knowledge of the energy band gap, opti
cal absorption edge, gap states and 1-V and C-V
characteristics of the polymer. We have observed
electroluminescence in polyaniline thin films. The
vacuum evaporated films have been observed to
exhibit photoconductivity, electrochromic effect
and electroluminescence. The advantages of
polymer based light emitting devices are the pos
sibility of use in large area displays, ease of fabri
cation and flexibility. Cost effectiveness of such
devices is another important advantage.

Polymeric photo voltaic devices
The following configuration can be envisaged

for photovoltaic applications: (i) conducting
polymer being used as metal in conjunction with
inorganic semiconductor e.g. polypyrrole/on Si,
(ii) semiconducting polymers being used as the
p-type material on which a metal is deposited,
forming the Schottky configuration, (iii) hetero
junction formed at the interface between undoped
polymer and inorganic semiconductor, and, (iv)
fabrication of p-n junction on the same polymer
by suitable doping-undoping.

It is not possible to prepare p-n junction of mi
nority carrier based (like inorganic semiconduc
tors) photovoltaic devices from semiconducting
conjugated polymers, as most of them are p-type,
and homo and graded p-n junction cannot be
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\PAlIV

fl Au

E9
EF

1

Ev

AI POLYMERL h+J

Voc .Jsc

RECTIFYING

OHMIC

CONTACT

CONTACT

Fig. 20-Schematic diagram of a polymeric semiconductor
based photovoltaic device

created easily on the same specimen. The only
alternative is to look for a Schottky barrier type
polymeric photovoltaic device (Fig. 20) made on
a heterojunction of semiconducting polymer with
suitable metals. A transparent metal film having a
work function (¢m) lower than that of the polymer
(¢sl on which it is deposited serves as the front
electrode. The back contact is made by depositing
an ohmic contact on the polymer. A space charge
is built up at the interface. When the radiation
falls on the transparent side of the front (rectify
ing, Schottky) contact, positive and negative
charges (electron-hole pairs) within the depletion
region are created. These electron hole pairs are
sepaBted by the electric field in the junction
present due to dissimilar work function and Fermi
level. These electrons and holes give rise to
photovoltage and photocunent.

The requisites of a polymer based photovoltaic
device are; high quantum efficiency for electron
hole pair generation, large barrier height (xb),

large absorption coefficient over a wide range of
incident radiation and good electronic conducti
vity of polymer to conduct photogenerated
charge.

The open circuit voltage from a polymer-photo
.voltaic device is given by

[nkT Jse nXh]
V = -In--+-

oe e A *r e

where Jse is diode reverse saturation current or
short circuit current, and xb is barrier height.

The fill factor is given by

where Jmp and Vmp are the points for maximum
power in 1- V characteristics of the photo voltaic
device under illumination.

The efficiency of the photovoltaic device is given
by

whcre Pin is the input power (radiation).
Various configurations of metal-polymer, and

polymer-inorganic semiconductors have been
tried but probably due to lack of a clean electro
nic contact at the polymeric interface, and also
owing to the incomplete understanding of the
complex phenomena of electrical conduction-opti
cal absorption and photogeneration behaviour of
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Table 4-Characteristics of electronic quality ethylene vinyl
acetate copolymer

and PTFE. The choice of the material depends
upon the specific application, thermal and electri
cal properties being important factors. Encapsula
tion of these electronic devices and passivation of
the printed circuit board is an area where high
quality of stable polymer, resistant to environmen
tal conditions, temperature, humidity and radia
tion are required. Very often in opto-electronics
and photovoltaic devices and other electronic
equipments the encapsulant should have a specific
transparency in thc given radiation wavelength
range. Ethylene-vinyl acetate (EVA) is the polym
eric encapsulant used in photovoltaic modules
and provides structural support, electrical isola
tion, physical isolation, protection and thermal
conduction for photovoltaic devices36. The com
position of ethylene vinyl acetate copolymer
ranges from 3-33°;', vinyl acetate. The 33% vinyl
acetate copolymer is excellent for photovoltaic
device encapsulation due to its transparency over
a wide spectrum and long term stability under dif
ferent environments. The general characteristics
of ethylene vinyl acetate are given in Table 4.

The vacuum deposited and solution cast films
of ethylene vinyl acetate have been studied for
their electrical properties. It has been observed
that EVA films having a thickness of the order of
1000 A have good dielectric strength and can
withstand a field of the order of lOR Vim. Above
this, a Schottky behaviour is observed. EVA is a
polymer which can be easily processed and made
into films cost effectively. For high field applic
ations, a negative differential resistance is ob
served in EVA films 17 .

Another important aspect of surface mount
technology is to provide footprint design and sol
derability. The objective of the footprint design is
to achieve a high packing density for components
and routing of interconnecting tracks, and also
promote maximum yield and cost effectiveness. A

been
con-
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ers and their interface". it has no
achieve a reasonable photovoltai

iciency and a large fill factor2932.

I

Applicat n of electronic polymers in ~l/Iface
mount te 'hnology and devices

Recen advances in electronic componen tech
nology ave revolutionized the industrial scene
to\vards iniaturization and mierominiaturi ation,
which is essential to make an electronic device
I, whole p ckage) cost effective, efficient an easily
deploya e at critical sites33-35. This has led to the
develop ent and production of a wide ra ge of
portable equipments like liquid crystal displays,
televisio s, photo-electronic, computing an com
municati n equipments., etc. The introduc ion of
newer t hnologies like tape automated b nding
and larg scale integration using multi chi mo
dules ha' led to higher packaging densitie . Sur
facc mo nt technology requires the devel( pment
of surfa 'mountable devices, encapsulatio , their
mountin adhesives and soldering and bon ing at
the prin d circuit boards. Integrated optic - (10)
is an ex mple of surface mount device, here a
polymer electronic light emitting device an be
straight ay fabricated on an optical polym ric fi
bre, and a polymeric photodetector can b fabri
cated at the end of the optical fibre. Ele Ironic
active el ments like capacitors, resistors, in uctors
and con ucting paths can also be made fr m po
lymeric materials like polypyrrole, poly niline,
polythio hene and polypropylene sulphid after
suitable odification of the fabrication pro ess to
achievcpecific requirements. From this pint of
view thc environmental stability of the poly ers is
also to e studied. Polyaniline, polypyrr Ie and
polythlio hene have been found to be quit stable
polymer. The other promising applica' on of
conduct' g polymers is their use in fabriC' tion of
doubIc--' ded, single-sided and multilayer onded
plated t rough hole printed circuit board .. Poly
aniline e mductors are used to precoat the nsulat
ing boa d to provide a sensitised surface for Cu
electrop ating. The polymer replaces th' elec
trode's u coating which involves use f toxic
formald hyde, reductants and expensivcJalladi
urn saIt.. Use of conductive polyaniline is inex
pensive, and environmentally friendly. p( lymers
find us in printed wire board tcchnol )gy as
epoxy I nding materials, flexible adhesiv.' films,
polyami ie, reinforced organics, laminatc( teflon
dielectri encapsulants, passivators and ml itilayer
polymer on metal (four channel) moldcd micro
wave st 'pline flex. The materials suitable f)f such
applicat ms are triazene resin, kevlar (i ,ramid)

the poly
possible
versIon e

592



MISRA et al.:APPUCATIONS OF SEMICONDUCTING POLYMERS 593

f
j
I

footprint design may be made out of soft pads on
which a device can be placed and then solderable
connections can be taken out from them. These
are known as pads. The basic requirements of
pads in surface mount technology are: (i) opti
mum length and width of the pads to prevent the
component from sliding and rotating, (ii) optimum
surface tension of the solder, (iii) minimum thick
ness from a pad to an adjacent via should be less
than 3 times the tra"ck tliickness to prevent solder
paste from running down into via and forming a
solder bridge, and, (iv) vibration absorbent me
chanical dampers.

The thermal properties are also of importance
in designing the pads as there are a number of
devices which require fast dissipation of heat to
the printed circuit board. Polymeric composites
like carbon reinforced silicon rubbers provide an
alternative to the present day surface mount de
vice pads. The micro dots prepared from carbon
reinforced silicon rubbers have a wide range of
mechanical properties and electrical conductivity.
The conductivity is provided by carbon and the
softness and mechanical damping of vibration by
polymer silicon. High electric conduction, and the
capacity to dampen the mechanical vibration is
exhibited by these carbon silicon rubber compo
sites. The hardness of these composites is in the
range of 50-80, and density, of the order of
4.07 gm/cc. Conductivity up to the range of
100 SI cm could be achieved in these composites.
These polymer composites can be commercially
produced for a large production line of surface
mount devices. It has been observed that polyani
line is a good alternative to carbon for these ap
plications due its environmental and chemical sta
bility.

Other electronic applications of semiconducting
polymers include microwave absorbers for use in
microwave and EMI shielding and military applic
ations, temperature sensors and capacitors38.46•
Various configurations of the device structures
like metal/polymers, polymer/inorganic semicon
ductor/two layers of polymeric semiconductor in
contact with C60, etc., have been investigated for
use as electronic components for a variety of ap
plications including electro-optical and frequency
modulation devices39-5o.
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